We examined the characteristics of eight types of rice collected from three regions of Myanmar to identify why certain types are cooked immediately before eating, while other types are processed into fermented noodles. The protein content and blue value were in the range of 6.35-8.13% and 0.289-0.472, respectively. The types of rice with a high gelatinization temperature and high enthalpy are milled into flour for noodle making. There was a correlation coefficient of 0.995 between the gelatinization peak temperature by differential scanning calorimetry and the proportion of 12 chain length. The apparent activation energy of Kachin A was the lowest at 4.51 kJ/mol, followed by 5.61 kJ/ mol for Nga Kyai.
The cereals produced throughout the world as food materials are mainly wheat and corn depending on the climate. Rice is mainly produced in Southeast Asia, since the climate is best suited for rice cultivation, and it has become the staple food (Juliano & Hicks, 1996) . We have been studying the relationship between the characteristics of rice cultivated in different areas of the world and their application to rice products (Akuzawa et al., 1991; . Although there are many reports (Lam et al., 2001; Agrawal et al., 2002; Resurreccion et al. 1994; Akiyama & Pillai, 2001 ) on the breeding, cultivation and genetic analysis of rice, there have been few studies that examined the utilization of rice. Wheat and corn are pulverized into powder, before being processed into bread and noodles. Apart from the normal method of directly cooking rice for eating, rice grains are also pulverized into powder before being processed into noodles or rice paper .
Such countries as Thailand, Vietnam and Myanmar in Southeast Asia have been influenced by the food culture of neighboring China and India in the traditional method for processing rice powder into noodles and rice paper, and in directly cooking the rice grains for eating. The processing methods used depend on the properties of the rice.
There is no published information about the relationship between the characteristics and applications of the rice produced in these regions that has been based on a field study of locally produced rice and its products.
We therefore examined in this study the physicochemical characteristics and method used for cooking rice that is sold in the market, and the characteristics of the rice that is used to produce fermented noodles in the Union of Myanmar.
Materials and Methods
Rice samples Three kinds of Kachin rice (samples A, B and C, in descending order of quality evaluated in the place of production) were purchased from a market in Myitkyina in the state of Kachin.
Nga Kyai rice and Nga Sei rice, and the type that is used as the raw material for making noodles were collected from the Yangon region. The two types of the latter used as raw materials for noodle making were collected from noodle factories in Inle and Taunggyi in the state of Shan. A total of eight types of rice total collected from three different regions were therefore studied in this work, the appearance of the grains being shown in Fig. 1 .
Each rice sample was milled by a Cyclone sample mill (UDY Corp., Fort Collins, CO) and passed through on 80 mesh sieve for use as milled rice powder in the subsequent examination. Rice starch was also prepared from each milled rice powder by the normal procedure (Murugesan et al., 1992) Grain size and general characteristics The length, width and thickness of each rice grain sample were measured with a particle size tester. The water content of each sample of milled rice powder was measured by drying at 105˚C, and the protein content was measured by the Kjeldahl method (AOAC). The blue value of each prepared starch sample was also measured.
Thermal properties of the milled rice powder and starch The thermal properties of each sample of milled rice powder and starch were analyzed by differential scanning calorimetry (DSC) with a model 6100 instrument (Seiko Denki Kogyo, Tokyo). Milled rice powder or starch was put into the 70-l silver container of the instrument to give 12 g (on the basis of the anhy-E-mail: akuzawa@nodai.ac.jp dride) of each sample with water, the total weight of the solution being 40 mg. After allowing the sample to swell at 5˚C for 24 h, the solution was heated from 30 to 150˚C at a rate of 2˚C/min. Water alone (40 mg) was used as a reference. The thermal properties of the individual sample were calculated from the curve thus obtained.
Distribution of the amylopectin chain length High-performance anion-exchange chromatography (HPAEC) was conducted with a DX-500 system (Dionex, CA) equipped with an ED-40 pulsed amperometric detector. A Dionex CarboPac PA-1 column (250¥4 mm ID) with a guard column (25¥3 mm ID) was used to evaluate the amylopectin chain-length distribution of each sample (Koizumi & Fukuda, 1991) . The sample was dissolved in a 50 mM sodium acetate buffer at pH 3.5 and debranched with crystalline Pseudomonas isoamylase (30 I.U.; Hayashibara Biochemical Laboratories, Okayama) for 12 h at 40∞C, before being injected into a 25-l sample loop. Gradient elution from an aqueous solution of 150 mM sodium hydroxide (eluent A) to 150 mM sodium hydroxide containing an increasing amount of sodium acetate up to 500 mM (eluent B) was used. The positive potential and duration measured by the ED-40 detector were as follows: E 0 =0.05 V, t 0 =0.00 s; E 1 =0.05 V, t 1 =0.20 s; E 3 =0.05 V, t 3 =0.40 s; E 4 =0.75 V, t 4 =0.41 s; E 5 =0.60 V, t 5 =0.75 s; E 6 =-0.15 V, t 6 =0.61 s; E 7 =-0.15 V, t 7 =1.00 s.
Viscostatic properties of the starch pastes Starch paste samples of 100 g each were prepared at a 4% concentration (w/w on the basis of the anhydride). The proper amount of starch was measured into a beaker, and demineralized water was added to bring the total to 100 g. The starch suspension was allowed to swell for 30 min, heated for 20 min at 105˚C in an autoclave and then allowed to stand at 20˚C for 30 min before being subjected to measurement.
The viscosity of each starch paste was measured with a Rotovisco RV-20 instrument (Hakke Co., Karlsruhe, Germany). An ME-30 sensor was used consisting of a coaxial cylinder and beaker. A fixed shear stress of 50 (s -1 ) was applied at each temperature of 10, 20, 30, 40 and 50. The point at which the rate of stress change was under 1% was selected as the equilibrium viscosity. The apparent activation energy was calculated from the relationship between the measured temperature and equilibrium viscosity according to the equation of Andrade, =Ae
where is the viscosity, Ae is a constant, Ea is the apparent activation energy, T is the absolute temperature and R is the universal gas constant.
Principal component analysis of the rice features
Twentysix test data items were used as parameters for a principal component analysis by the SPSS program.
Results
General characteristics of the rice and starch samples The water content, protein content, blue value of the starch and rice grain size are shown in Table 1 . Water content was in the range of 12.7-14.98%. The highest protein content was in the Nga Sein and Taunggyi samples, and the lowest was in the Kachin (A) and Nga Kyai samples. The blue value for Taunggyi was the lowest at 0.289, and it was assumed to be a waxy rice from this value. The blue value for the three types of Kachin rice increased with decreasing quality, while Nga Sein had the highest value of 0.472. Taunggyi, Kachin A, Kachin B and Inle were long-grain types, while Nga Kyai and Kachin C grains had a more round shape.
Thermal properties of each milled rice powder and starch sample The characteristic values obtained from the DSC curves for the milled rice powder and starch samples are shown in Table 2 . Both the powder and starch samples showed two peaks, one each in the low-and high-temperature regions. Taunggyi milled rice powder had the lowest value at the peak of gelatinization temperature (T p ) of 65.5˚C, with Kachin A and Nga Kyai next in increasing order. The peak of gelatinization temperature for the three types of Kachin rice increased in the order of A, B and C, thus increasing with decreasing quality, as did the enthalpy value. The enthalpy values for the other five types of milled rice powder were in the range of 2.30-2.78 mJ/ mg. There was no marked difference in the high temperature region for the peak temperature or enthalpy of the rice flour samples. The thermal properties of each rice starch followed the trends of the milled rice flour samples on both the first and second peaks
Chain-length distribution of the amylopectin The area ratio, which was calculated for the total carbohydrate in the chromatogram for the DP6-17 amylopectin malto oligomer after it had hydrolyzed each starch sample to the isoamylase, is shown in Fig. 2 . The 12 chain length was common to all samples (Hanashiro et al., 1996) , but the distribution above and below 12 varied. The chain length distribution in the three types of Kachin rice varied with the quality, there being a greater proportion of short chain lengths in the order of Kachin A, B and C. Above a chain length of 12, the proportion of long chain lengths was greatest in Kachin C. The three types of rice (Nga Sein, Nga Kyai and Yangon) that were collected in the state of Yangon all had a small proportion of short chain lengths, while Taunggyi had a similar chain length distribution to that of Kachin A.
Although not shown in the figure, the proportion of 6-12 chain length constituting the total carbohydrate was 21.28-26.88%, of 13-24 chain length was 49.27-54.81%, of 25-36 chain length was 11.60-11.91%, and of more than 37 chain length was 11.43-12.47%. The 6-12 chain length was a characteristic of each starch, showing the greatest variation in the proportion made up by each length, as indicated in Fig. 2 .
Viscosity of the starch pastes The apparent activation energy of each 4% starch paste for the equilibrium viscosity was calculated in the temperature range of 10-50˚C using the equation of Andrade as shown in Table 3 . The equilibrium viscosity of each starch paste decreased with increasing temperature. The apparent activation energy of Kachin A was the lowest at 4.51 kJ/ 
Principal component analysis of the features
Although the characteristics of each sample of rice and rice starch can be judged from each measured value, mutual interaction governs the overall effect. Therefore, a principal component analysis was carried out using the measured values as parameters to examine their mutual relationship for each rice sample. Data from the present tests were used in conjunction with the RVA characteristics of the milled rice flour and starches previously measured in our laboratory by a rapid viscoanalyzer (data not shown) in this analysis. The parameters used were the protein content, blue value, RVA characteristics, thermal properties by DSC, chainlength distribution of the amylopectins, and viscous properties, giving a total of 26 variables as the parameters. All 26 variables were standardized, and the principal component analysis was carried out using the Z score program in the Statistical Product and Service Solution statistical package (SPSS).
Three main components contributed a total of 82.3%. The first main component was made up of the blue value, the characteristics by DSC, chain-length distribution of amylopections, and the apparent activation energy. The significance of these factors represented such characteristics as the gelatinization and thermal properties. The contribution of the first factor was 43.10%. The second main component was made up of the protein content and the RVA characteristics. The significance of these factors seemed to indicate the changing viscous property measured during heating and cooling. The contribution of the second factor was 25.39%. The third main component involved the RVA properties of the paste after cooling, and the contribution was 13.78%.
This result indicates that the gelatinization and viscous characteristics with changing temperature greatly contributed to the characterization of each rice sample. The main component scores are plotted in Fig. 3 . It was possible from the visual correlation among the samples to classify them into groups.
The relationship between principal components I and II provided five groups: 1, Kachin A and B; 2, Nga Sein, Kachin C and Yangon; 3, Taunggyi; 4, Nga Kayai; 5, Inle. The relationship between principal components I and III also provided five groups: 1, Kachin A and B; 2-a, Nga Sein; 2-b, Kachin C, Yangon and Inle; 3, Taunggyi; 4, Nga Kayai.
Discussion
People in Southeast Asia have made rice their staple food, and it is eaten both by cooking the grains and by processing rice flour into noodles and rice paper. Thailand, Vietnam and Myanmar provide typical examples of how rice is used in Southeast Asia To Kim et al., 1997) . We examined the characteristics of eight types of rice collected from three regions of Myanmar to identify why certain types rice are cooked directly before eating, while other types are processed into fermented noodles. It was found that the rice eaten as cooked grains had different characteristics from that processed into noodles.
Kachin A of the highest quality is eaten in Myanmar after cooking the grains, while Kachin B and C are processed into fermented rice noodles called mohingar. Nga Kyai is also directly cooked for eating, while the other four types of rice are processed into mohingar.
The fermented noodles (Katoh et al., 2001) are produced from rice grains that have been softened by soaking in water for 2-3 days and then stone-milled into rice flour. This flour is then mixed into a dough that is allowed to condition before being extruded into strips by a noodle machine. The raw rice noodles are then boiled in water before eating. Taunggyi rice is similarly mixed into a dough, but then rolled into a sheet that is cut to produce the noodle strips. This is different processing method of the type of rice used as the raw material.
The thermal properties of the milled rice flour measured by DSC indicate a decreasing gelatinization temperature with increasing quality of Kachin rice, with a low value for enthalpy (Sahai & Jackson, 1999; Biliaderis et al., 1986) which is indicative of the energy necessary for gelatinization. In consequence, rice types with a high gelatinization temperature and high enthalpy are milled into flour for noodle making. It seems that the processing method used enables the starch to be easily gelatinized (Perez et al., 1993) into a material with a high blue value. The gelatinization temperature and enthalpy of Kachin A and Nga Kyai, while these are eaten as cooked grains, were lower than the values for the other types of rice. The thermal properties of the starch, which constitutes about 90% of the rice, tended to be similar to those of the milled rice flour. The gelatinization temperatures of the Kachin rice flours, A, B and C, tended to be high as blue value and protein content was increased. However, those of other kinds of rice flour were more affected by blue value than protein content. There was no clear correlation of the 8 rice flours between blue value or protein content and gelatinization temperature. Because the coexisting state of protein and cell wall differs depending on the kind of rice. There was a correlation coefficient of 0.995 between the gelatinization peak temperature by DSC and the proportion of 12 chain length (Noda et al., 1998) .
The difference in the viscosity (Juliano & Villareal, 1987; Zhang & Suzuki, 1991; Akuzawa et al., 1992 Akuzawa et al., , 1995 of the starch paste at each temperature can be estimated by comparing the apparent activation energy. The activation energy increases with the change in viscosity of the samples, followed by the increase in temperature. However, a relationship between the apparent activation energy and processing method used for the rice tended not to be clear from this study. The molecular properties of the amylopectin in the rice need to be measured to identify any relationship between the processing method and characteristics of the rice. After the rice is ground, there is a process in the production of noodles in which the steamed lump is pushed out into the noodle state. The material of rice for noodles was chosen experientially taking into account the ease in pushing the lump under the steaming and gelatinizing conditions, although the taste of rice eaten in a grain state was not palatable.
The results of principal component analysis show that Taunggyi was classified in a group by itself, indicating that the characteristics of Taunggyi were completely different from those of the other rice samples. Kachin A and Nga Kyai, which are both eaten after the grains are cooked, were similarly unique in their classification. Their characteristics are unlike those of Nga Sein, Kachin C, Yangon or Inle which are all used for making rice noodles. These results indicate that rice eaten after cooking the grains seemed to gelatinize easily, had a low protein content and blue value, and a minimal viscosity change with temperature. In contrast, the types of rice processed into rice noodles seemed to have a high gelatinization temperature and blue value.
We plan to separate the rice starch into amylose and amylopectin so that the molecular properties can be examined in more detail. This will enable us to identify the characteristic factors in rice that contribute to the production of noodles.
